Introduction THE RAPIDLY growing experience in experimental homotransplantation is largely based on observations of the skin, kidney, blood and bone marrow.
These studies have been the pioneer ones for reasons that are clear historically: skin for its availability; kidney for its significance as a paired organ with a simple vascular pedicle, the biochemical product of which can easily be measured; blood for its circulatory support; and bone marrow for its use as a replacement tissue after hematopoietic destruction either in cancer * Presented before the American Surgical Association, WVhite Sulphur Springs, West Virginia, April 4-6, 1960. This work was supported in part by grants from the Atomic Energy Commission and from the National Institutes of Health. It The recipient animal is operated upon while normothermic. It is possible to do the entire operation without opening the thorax, though many of our earlier experiments involved a short intercostal incision on the right for the upper caval anastomosis.
The vena cava below the renal veins is isolated for the insertion of one of the two temporary shunts. The right adrenal is then dissected off the vena cava above the renal veins, the structures of the porta hepatis are identified, dissected free and all save the hepatic artery and portal vein are divided. Prior to this dissection, 2 per cent procaine is infiltrated around the hepatic artery and in the structures of the porta hepatis, a feature that appears to prevent hepatic outflow obstruction, to which the dog is so prone. It appears to make little difference to the animal's course whether or not the spleen is removed. In the earlier series it was removed, while in all of our recent animals the spleen has been left in place.
Attention is then turned to the suprahepatic area. The vena cava is dissected free to the diaphragm. It is possible to dissect it completely free at the diaphragm and, with care, it is possible to avoid entering the pleura. Isolation and division of the During this procedure, a simultaneous operation has been under way on the donor dog. The steps taken are the same as those recounted above save for the fact that no preparation for a caval shunt is needed. When the liver is freed up, the animal is made hypothermic by the application of cold isotonic salt solution to the peritoneal cavity. We have also used immersion and portal perfusion of the liver for cooling after it is removed from the animal. The donor operation should be conducted so as to provide a liver whose edges are sharp, smooth and pink and that does not show any of the dark rounded swelling characteristic of canine hepatic outflow obstruction. When the liver is cooled to the neighborhood of 28°C. or lower, it is taken out with adequate segments of its vessels, and placed in the recipient dog.
The resuture of this liver in the recipient is then carried out anatomically while the two shunts maintain venous return to the right heart. First the inferior vena cava above the liver is sutured end-to-end. Then the portal vein is sutured end-to-end. Upon opening the portal vein anastomosis the clamp above the liver is released so that perfusion of the liver now begins with the recipient's own blood via the portal vein. The liver soon becomes quite normal in appearance if the donor operation has been gently done. The total "dead time" of this * 2. Chemical course. In many animals the hematocrit was found to be significantly elevated during the first 48 to 72 hours. Three factors played a role here. One was loss of lymph into the peritoneal cavity, although all visible lymphatics were ligated in the porta hepatis. This was treated by infusions of saline or blood. In other instances, the elevated hematocrit was due to inadequately replaced water loss or to overtransfusion of the animal during the operation with subsequent plasma dispersal. If the transplanted liver developed outflow obstruction and became swollen and dark, a very considerable amount of blood was required to maintain the animal in a normotensive state; one to two days later this animal would be found to have a high hematocrit, suggesting that, as hepatic outflow tract obstruction was gradually released and splanchnic pooling abated, the animal became hypervolemic, lowering the blood volume towards normal by plasma dispersal and thus showing an elevated hematocrit. An almost unlimited number of chemical and hepato-functional determinations might be carried out in animals with transplanted livers. The following were selected as being of special interest. Alkaline phosphatase shows a progressive increase often antedating the rise in bilirubin concentration (Fig. 1) .
The serum bilirubin concentration was generally normal or slightly elevated during the first few postoperative days but rose steadily prior to death. Five out of eight dogs who had this determination carried out 48 hours postoperatively showed values under 2.0 mg. %. By the fourth postoperative day only one of these eight dogs still had a bilirubin of less than 2.0 mg.%, and after the fifth day no animal had a serum bilirubin in this range. (Fig. 2) 3. Histology (Fig. 3-6 ). Anatomic findings at death, some of which were responsible for the fatality, are shown in Table 1 Early in our experience, lesions were encountered in the hearts of these animals. These were characterized by myocardial necrosis without cellular infiltration or visible thrombosis, going on to small areas of calcification. It was later shown that these can be produced in the dog by long, difficult operations, particularly those producing hypotension and requiring blood transfusion or by hemorrhagic shock. These lesions also occurred in the autotransplants.
b. Controls. Twenty-seven procedures for autotransplantation were instituted. Of these, ten survived 24 hours or more and seven, four days or more: two for four days, three for five days, one for ten days and one for 14 days. Causes of death were analogous to those in the homotransplant group, though the histologic appearance of the liver was quite different.
Of the "sham" dissections, 13 were done. Of these, nine were significant survivors and six lived 14 days or longer, two being sacrificed at six and nine weeks, respectively.
The autotransplants were initially more difficult to accomplish than the homotransplants because there is less vessel-length for anastomosis and it is impossible to achieve parallel hypothermic arrangements for the anoxic liver without cooling the whole animal, a step that is definitely undesirable in this procedure. In those autotransplants and sham dissections that had prolonged survival, the most striking difference in contrast to the transplanted dogs were to be seen in their better clinical course, going on to normal dietary intake, and the finding of a liver which did not show the lymphocytic and plasma cell infiltration, degeneration of bile duct epithelium or hepatocellular damage. In common with the homotransplants, the autotransplants showed marked dilatation of the lymphatics in the portal areas and in the wall of the sublobular veins.
The Spleen
The nature of the histologic and clinical picture involved in homotransplantation of the spleen is a matter of concern because the spleen is an organ containing a large mass of immunologically competent cells. If grafted tissues react immunologically against the host such should be seen maximally in a structure such as lymph node or spleen. Beyond this lies the possibility that after whole body irradiation, hematopoietic restoration might be achieved by homotransplantation of the spleen from an unirradiated dog. The mass of whole spleen is many hundred-fold larger than any dose of cellular suspension or marrow aspirate that might be injected for such a purpose. The concept of hematopoietic restoration by intact spleen in whole body irradiation finds its basis in the work of Jacobson,5 in which shielding of the spleen from whole body irradiation resulted in hematopoietic surAnnals of Surgery September 1960 vival and clinical resuscitation of laboratory rodents after massive whole body irradiation. In Jacobson's experiments, the shielded spleen needed to be left in the animal but a short time to achieve its hematologic effect. In adults of other species (dog, man), the spleen does not normally harbor mature, active, hematopoietic tissue. It appears to be convertible to a multipotential hematopoietic organ as suggested by changes observed in such disease as agnogenic myeloid metaplasia or certain myelophthisic anemias in which the bone marrow becomes aplastic or is destroyed and the spleen becomes an active site of hematopoiesis.
The present experiments were undertaken to perfect a method for splenic transplantation, and to view the histologic and clinical results in the untreated normal dog.
1. Operative Procedure in Splenic Transplantation Both dogs were operated upon normothermic and no effort at producing hypothermia in the transplanted spleen was made in most of the experiments. Experiments demonstrated that cooling by immersion or perfusion results in a rapid drop of spleen temperature, should such be shown to be necessary.
Before the spleen is removed from the donor, its vascular pedicle is isolated in such a way as to isolate the splenic artery near its origin as a point at which anastomosis can be done. When this artery bifurcates near the spleen the anastomotic procedure is facilitated. If its bifurcation is close to its origin, the operation is more difficult. In most of these procedures, the spleens were traded between two dogs. They were sutured in place by end-to-end anastomosis of artery and vein after gentle dilatation of the arterial ends. The dogs spleen is a large organ, occupying a larger fraction of the body weight and abdominal cavity than is the case in man. When transplanted to its normal site, it occupies a normal position free of torsion or distortion. Biopsies were taken at various intervals after the operation in both homotransplants and autotransplants.
b. Hematology. No characteristic hematologic changes (hematocrit, white count, smear) were identified in the peripheral blood of these animals. Leucocytosis was usually present, especially when the rejection response in the spleen seemed to be at its height.
c. Histology (Fig. 7-10 ). There was a striking difference in the histologic appearance of the homotransplanted and auto- that experiments be carried out to discover methods 3',4 by which the spleen may be converted into a more active hematopoietic organ. Experiments of this type will involve whole body irradiation or preliminary treatment with radiomimetic drugs (both with splenic protection against the damaging agent). If the spleen can be converted to a more active hematopoietic organ, one may reasonably expect that after whole body irradiation or the use of radiomimetic drugs in the recipient animal, one may achieve splenic acceptance as has been the case with the skin grafts and bone marrow. Whether or not the destructive therapy required as a preliminary must be so severe as to endanger the life of the recipient dog can only be discerned by further study. In an animal harboring and accepting a spleen from a donor animals, one might hope to achieve an ideal situation for subsequent acceptance of other organs because such donor would then be available for transplantation studies of skin, kidney, liver, or other organs. In this regard, if splenic hematopoiesis can be achieved, one has a more fitting donor-recipient relationship than is the case with the bone marrow transplantation. It is difficult to secure enough marrow from a single donor (particularly in man) 11 to repopulate the destroyed marrow of a potential recipient. Multiple-donor experiments are therefore of great interest. 10 For any of the these future possibilities to become a reality, the first two steps required are those of the development of a method for surgical transplantation of these two viscera, and the description of the normal course of transplantation without other treatment. Such has been the objective of the work herein described.
Conclusions
Experimental whole-organ homotransplantation of the liver and of the spleen has been carried out experimentally in the dog, transplanting these organs to their normal anatomical position and blood supply. Number 3 Control experiments have consisted of autotransplantation of the organs, returning them to their normal sites.
In both cases a satisfactory surgical technique has been achieved which produces a viable organ. Hepatic hypothermia is an essential feature of the liver transplant. Rejection of these viscera is a gradual cellular process, sharply to be differentiated from avascular necrosis or surgical failure.
In the case of the liver, a significant sparing of the parenchymatous liver cell mass is noticed early in the rejection process, the latter being directed initially entirely towards the portal areas and centrolobular veins.
In the case of the spleen, the rejection process is diffuse, results in atrophy of follicles (after an initial follicular stimulation), loss of follicular activity, and infiltration of the entire spleen with plasma cells that appear to arise from the recipient since there are no nests of active plasma-cellproducing areas in these spleens.
The implications of this work with respect to therapeutic transplantation of the two organs, and future directions for research in this field, are briefly discussed.
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